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AGRICULTURAL RESIDUE BASED ABSORBENT MATERIAL AND METHOD 
FOR MANUFACTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to agriculture residue based panel or compressed shs^ 
materials, such as an absorbent panel or environmentally safe nursery pots. Agriculture 
residues include, but are not limited to, com residues, wheat straw, rye, barley, prairie 
grasses, alfalfa straw, or flax straw. More particularly, this invention relates to com 
residues which are processed and admixed with a variety of adhesive materials to provide 
materials which encompass multiple consiuner uses. 

2. Description of the Prior Art 

It is well known that cellulose fibers are good absorbents for soluble oils, water 
and water based fluids and even heavy oils. 

Clay products have been widely used as absorbents, but present problems both in 
dispersion and disposal upon usage in hazardous waste clean up, including oil spills. 
Clay products typically are supplied in granular fomi and thus are diflicult to control 
upon dispersion on an oil spill area and are also difficult to collect and dispose of once 
the clean up has completed. The introduction of cellulose based products has added BTU 
value to the sorbent product, thus adding avenues of disposal of the spent sorbent material 
by incineradon. 

Readily available plant celluloses such as wood and rice hulls reduced to a 
powder can be processed into absorbent products. Processing com cobs to produce an 
absorbent material is also known. 

U.S. Patent No. 3,617,564 to Vander Hooven, describes "a method for removing 
oil or oily substances firom the surface or upper layer of a body of water, comprising 
spreading an absorbent, consisting essentially of com cob components, excluding all but 
trace amounts of the woody ring component** upon the oil. Vander Hooven is directed to 
com cob component separation such that the lighter cob components are then spread on 
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the water surface without danger of absorbing great amounts of water and then sinKing 
beneath the water's surface after also absorbing hazardous materials. 

U.S. Patent No. 4,497,712 to Cowling discloses "a pillow" which contains com 
cobs, having an absorption capacity in excess of 300% to 500%, and which have been 
grouiid into granules. The granules in Cowling must also be light weight, such as 14 lbs. 
per cubic foot so that the pillow will float when saturated. Thus, Cowling necessarily 
requires that woody ring separation in order to form a light weight absorbent material. 

U.S. Patent No. 5,062,954 to Leedy et al. discloses a cellulose based product and 
method of manufacture, wherein the cellulose source is com cob components. 
Specifically. Leedy requires the use of the com cob lighter components of chaff and pith, 
which must be separated from the hard woody ring. The absorbent material in Leedy can 
contain no more than about 5% of the woody ring, which comprises up to about 60% of 
com cob weight. Further, Leedy requires processing of the light com cob components to 
a particle size preferably in the range between a number 10 screen and a number 60 



screen size. 



U.S. Patent No. 5,1 60,629 to Brown discloses method for using entire com cobs 
for absorbing oil spills, such that the cobs do not sink. Brown requires removal of all 
kemels from whole com cobs, and preferably completely drying the com cobs prior to 
application on an oil spill. 

Further, composition boards known in the art such as particleboard, oriented 
strand board, medium density fiber board and plywood are typically evaluated by 
mechanical characteristics such as static bending, evaluated as modulus of rapture and 
modulus of elasticity, internal bond, water absorption and thickness swell. However, no 
mention is made regarding board sorbency qualities. 

SUMMARY OF THE INVENTION 

The primary piupose of the development leading to the present invention was to 
generate products which utilize agriculture residue material as the fibrous material, 
without requiring separation of particular components with the use of specialized 
manufacturing equipment. Further, the product generated by the present invention 
possesses mechanical characteristics in addition to absorption qualities. The present 
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invention utilizes all agriculture residues without regard to residue density for product 
performance. Thus, the present invention solves many problems found in the pnor art 
because there is no requirement for component separation and utilizes agriculture residues 
which have previously been discarded as waste and produces an absorbent panel 
possessing specific mechanical properties. 

Initially, com residues are reduced in size to form particles ranging in size ftom 
particles which pass through a number 2 screen to those which are retained by a number 
1 50 screen, i.e., particles which are 2 inch in size or smaller. The com residue material 
includes, but is not limited to. com stalks, husks, cobs and kernels. Size separation in this 
manner accounts for approximately 99% of the residue material originally supplied. Only 
very small particles which primarily are sand, silt and dirt, pass through the 1 50 screen 
and are not utilized in the present invention. An adhesive is added in an amount ranging 
from between about 5% to about 20% based on weight to tiie particles to fonn a pliable 
blend. The blend can now be formed into mats or compressed into desired shapes. These 
mats may be further formed into any desired shape commensurate witii consumer use. 
The mats are tiien consolidated and the adhesive is cured which forms hard durable panel 
products which tiien can be shipped for consumer use. The panel surfaces can optionally 
be perforated or textured. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The general process of reducing com residue size to fomi particles, adding an 
adhesive, consolidating mats, and curing tiie adhesive which can be directed to particular 
products which require certain characteristics. Such products include but are not limited 
to absorbent panels for both aqueous and organic solutions, fuel briquettes, plant pots, 
durable panels for construction, paper, substrate for imbedding wildlife food and 
botanical bedding material. TTie following examples iUustirate. not limit, the products 
which utilize com residue particles of the present invention. 

Otiier features of tiie present invention and many of tiie attendant advantages of 
the present invention will be readily appreciated as the same becomes better understood 
by reference to tiie preferred embodiments when considered in connection with the 

accompanying claims. 
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liXAMPLE 1 

The following example illustrates the utilization of com residues to produce an 
absorbent panel material which can either be used to absorb aqueous solutions or organic 
solutions such as oil based products and is durable enough to function as a fatigue panel. 
The com residue comprised stalk material, which was processed in a hammer mill to 
obtain particles which were classified by size as falling in the class of particles which 
pass through a number 2 screen but which are retained by a number 150 screen, which 
accounted for approximately 99% of the initial com residue material prior to processing. 
The present example utilizes particles which fall into three categories: (1) particles which 
pass through a number 8 screen; (2) particles which are retained by a number 8 screen; 
and (3) particles which pass through a number 2 screen. The initial moisture content of 
the com residue was approximately 20%. The com residue particles may either be further 
processed as indicated below or the moisture content may be reduced. Preferably, the 
moisture content is less than about 10% and may be as low as 1% moisture content The 
particles were dried in a tube drier for less than 5 seconds to reduce the moisture content 
to between about 7% to about 8%. 

An adhesive was admixed to the residue particles. The adhesive can either be a. 
synthetic or a natural adhesive. The synthetic adhesive is selected from adhesives known 
in the art such as phenol-formaldehyde resins, phenol-resorcinol-formaldehyde resins, 
urea-formaldehyde resins, melamine resins, melamine-urea resins, isocyanate and 
polyurethane based resins, polyvinyl resin emulsions, thermosetting polyvinyl acetate 
emulsions, acrylics, polyesters and epoxy resins for example. The natural adhesive is 
selected from those known in the art, such as starch-based resins, soybean-based resins, 
lignin-based resins and casein-based resins. 

The adhesive chosen for the present example should be capable of forming a 
water resistant bond. The present example preferably utilizes phenol-formaldehyde as 
the adhesive. Other resins can be utilized which produce a water resistant bond. The 
adhesive is present from about 2% to about 20% based on dry weight. Preferably, the 
adhesive is added from about 5% to about 8% by dry weight. In the instant example, 
phenol-formaldehyde was added at about 7% dry weight to the residue particles through a 
Model EL3 Coil Spinning Disk Atomizer. The atomizer was run at about 10,000 -12,000 
revolutions per minute for about 1 minute for a 10 pound batch and about 20 minutes for 
a 200 pound batch. The adhesive can also be added to the com residue material by 



3NSCXX;iO: <WO„9eie675Al.l > 



m 96/18675 PCT/US9Sa6<M8 

applying the adhesive through a spray nozzle or by dripping the adhesive on the com 
residue particles and then tumbling the particles for particle contact to distribute the 
adhesive. 

Mats can be formed into any desired dimension or shape. In the present example, 
mats were formed to a target size of about 27" x 27" x 1". Target densities were between 
1 5 pounds per cubic foot (pcf) to about 40 pcf. The mat surfaces may be perforated or 
textured to create a patterned surface. The mats are consolidated to form panels under a 
predetermined pressure per square inch. The resin is cured at a temperature ranging from 
about 300 deg. F. to about 450 deg. F. for a time sufficient from between about 1 mmute 
to about 30 minutes. 

Consolidating the mats to form panels may be done simultaneously with curing 
the resin. This is accomplished by application of pressure to the curing mats for a time 
sufficient to achieve a predetermined panel density. In the instant example, pressure and 
heat were simultaneously applied to the formed mats at about 500 psi at about 380 deg. F. 
for about 30 seconds to form the fmal thickness, between about 0.75 inches to about 1.5 
inches. Once the desired thickness was reached, the pressure was reduced to 
approximately 100 psi to maintain the target thickness until the adhesive is cured. This 
pressure is applied to the mats for a time sufficient to achieve the desired density (pounds 
per cubic foot), which ranges between approximately 1 5 pcf to about 40 pcf and to cure 
the resin. By example, pressure was applied for about 14 minutes to achieve a 20 pcf 
panel and applied for about 17 minutes to achieve a 30 pcf panel. 

The relative mechanical characteristics were evaluated for each combination of 
density and particle mesh size based on the stiffaess, measured by modulus of elasticity 
(MOE) in pounds per square inch (psi) and strength, measured by modulus of rapture 
(MOR) in pounds per square inch (psi). Furflicr. board strengtii was determined by 
internal bond measure by pounds per square inch (psi). The following table summarizes 
the mechanical characteristics of panel material. 
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Internal Bond (IB) Modulus of 


Modulus of 


(psi) 


Elasticity (psi) 


Rupture 

• 


4.8 


16.800 


100 


0.6 


47.200 


60 


1.7 


101,000 


220 


1.2 


47,600 


65 


2.0 


126.000 


279 


1.6 


102,100 


153 


I.O 


95.100 


161 


3.9 


273,500 


694 
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TABLE 1 

Target Density Particle Mesh Size 
pounds/cubic foot No. 8 & 2 Screen 

20 +8 
30 +8 
20 -8 
30 - 8 

20 -2 
30 -2 
40 -8 

«The classifictfion of porticle size wu denoted by for particles used which were •etained by the Number 8 Mesh screen and 
for panicles used which passed through Ihe Number S or Number 2 Mesh screen. 

The Stiffness, MOE, for each particle size generally doubled when the density of 
each group was increased from 20 pcf to 30 pcf, except for the "-2" screen grouping. As 
the density was increased to 40 pcf, the MOE increased to a level which approximated the 
stiffness of readily available particleboard. Further, the panels generally have a specific 
gravity from about 0.15 to about 0.65 and is preferably between about 0.15 to about 0.50. 
or about 10 to about 30 pounds per cubic foot 

Absorbency evaluations were performed on a matrix of mat samples with 
combinations of particle size and densities. Results of a two hour and a 24 hour swell 
and water absorption were obtained. The following table sununarizes the results obtained 
for the combinations. 

TABLE 2 

Target Density Particle Mesh Size Thickness Swell Water Absorption % 

pounds/cubic food (pcO No 8 & 2 Mesh to classify ' ->'ih™.« 

15 -2 

20 +8 

30 +8 

20 -8 

30 -8 

20 -2 

30 -2 

40 -8 
control particleboard 

Generally, the 30 pcf panels had a higher thickness swell than the 20 pcf panels. 
While not being bound by theory, since the higher density panels have more com residue 



2 hours 


24 hours 


2 hours 


24 hours 


11.2 


11.8 


287.4 


313.1 


45.2 


46.3 


183.0 


213.5 


34.2 


48.0 


132.5 


152.6 


28.6 


30.8 


223.8 


254.1 


32.7 


37.4 


144.6 


162.9 


26.6 


29.1 


194.4 


229.3 


32.0 


39.2 


140.2 


171.0 


37.3 


45.1 


90.5 


117.7 




12.0 




25.0 
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material which is available for absorbing water. However, the lower density panels have 
more void space which increases the capacity for holding more water. TTius. the lower 
density panels generally absorbed more water than the higher density panels. Further, 
water can be squeezed from the panel, leaving a spongy material. However, there is no 
thickness swell with oil absorption by the panels, thus leaving a solid rigid panel. 

These density/particle size combination panels were also subjected to a two hour 
oil soak evaluation, wherein the saturation capacities were calculated on a grams of oil 
absorbed per gram of panel material. The following table summarizes the two hour oil 
soak evaluation where 2 inch x 2 inch size panels were placed in oil and weighed at 30 
minutes. 60 minutes and 120 minutes after placement. The oil utilized in the evaluations 
is 40 wt motor oil. 



TABLES 





Saturated Oil Capacity 




30 min. 


60min 


120 min. 


2.02 


2.06 


2.06 


1.34 


1.35 


1.40 


0.68 


0.70 


0.71 


1.49 


1.50 


1.51 


0.71 


0.78 


0.79 


1.60 


1.62 


1.63 


0.72 


0.74 


0.74 


0.31 


0.39 


0.44 



npn5!itv (pen ppriirlft Mesh Size 

15 -2 

20 +8 

30 +8 

20 -8 

30 -8 

20 -2 

30 -2 

40 -8 

'Owins of oil Bteorbed per gram of panel material for the time points. 

Generally, the 1 5 pcf panels held more oil than the 20 pcf panels and the 20 pcf 
panels held more'oil than the 30 pcf panels, with very small differences noted in the oil 
holding capacities of varying particle sizes. Further, the maximum oil holding capacities 
were reached after 30 minutes of exposure to the oil. with very small increases in 
absorption from 30 minutes to 120 minutes. 

Since saturation values were reached at 30 minutes, oil saturation based on weight 
and volume were evaluated at 30 minutes absorption for the 8 combinations of 
density/particle size panels. The following table summarizes the total weight and volume 
absorbed by 21 inch x 21 inch x 1 inch panels. 
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Oil Capacity 
Density (pcO 



Particle Mesh Size 30 min. Saturated Panel Weight Oil 

Oil Capacity' Capacity (grains) 

. 2 2.06 3,640 

+8 1.34 2.910 



Volume Oil 
(quarts)^ 



15 
20 
30 
20 
30 
20 
30 
40 



+8 0.68 2,205 

-8 1 49 3,263 

.8 0.71 2,293 

.2 1-60 3,175 



.2 0.72 2,337 

.8 0.31 U23 



4.5 
3.5 
2.7 
4.0 
2.8 
3.8 
2.8 
1.6 



'Grams of oil absorbed per gram of panel material. 

^Toial weight of oil absorbed was calculated and converted to a voltmie based on an oil weight of pounds per gallon. 

Generally, the 15 pcf panels were observed to have greater oil holding capacity 
than the either the 20 pcf panels or the 30 pcf panels; with the 20 pcf panel produced from 
the -8 mesh particle size also having a oil holding capacity. Further, the saturated heating 
value of the panels is approximately 10,000 BTU/pound and has a low ash content upon 
incineration, less than approximately 2% on a weight basis. 

Oil absorption was increased by perforating Uie panel surface, wherein the 
perforations were made with two penny nails at about 1/3 inch spacing. Pattern surface 
patterns may also be accomplished by placing a pattemed screen on a mat surface during 
application of pressure. The density/particle size matrix was set up as in above 
evaluations, however each combination also compared a non perforated sample versus a 
perforated sample. Surface absorption of oil was measured in grams absorbed in 15 
minutes. The following table summarizes the results. 
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TABLES 



Density (pcO 
20 
20 
30 
30 
20 
20 
30 
30 
20 
20 
30 
30 
40 
40 



Particle Size 
+8 
+8 
+8 
+8 
-8 

• 8 

• 8 

• 8 
-2 

• 2 
-2 
-2 
-8 
-8 



Perforations (Yes/No) 
Yes 

No 
Yes 

No 
Yes 

No 
Yes 

No 
Yes 

No 
Yes 

No 
Yes 

No 



15 Min. Oil Saturation 
Capacity (gms absorbed) 
50.1 
18.6 
15.8 
4.3 
47.3 
18.3 
11.5 
2.4 
63.9 
42.1 
17.7 
4.3 
2.6 
1.4 



All samples showed an increased oil absorption with the additions of perforations 
to the surface of the panel, however there was a significant increase in oil absorption with 
the 30 pcf panels regardless of particle size. 

Additionally, the sattirated panels did not exhibit any leaching or dripping of 
liquid when lifted from the supporting surface, in either a vertical or horizontal position. 
When these panels were compared with oil absorbent mats known in the art, such as 
polypropylene mats or wood fiber mats, it was found that when each of these panels and 
mats were vertically suspended for identical periods of time, the com residue panel did 
not leach any oil. However, the polypropylene mat lost between about 20% to about 30% 
of the oil volume absorbed at saturation and the wood fiber mat lost between about 30% 
to about 40% of the oil volume absorbed at saturation. Further, when 50 pounds of 
pressure per square inch was applied to the com residue panel, the polypropylene mat and 
the wood fiber mat after oil was absorbed until saturation, it was observed that the com 
residue panel retained all of the oil absorbed while oil was squeezed out in both the 
polypropylene mat and the wood fiber mat. 



EXAMPLE 2 



The com residue is also capable of processing into an environmentally safe mat 
material which can be formed into nursery pots for direct transplantation into soil for 
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landscaping or other planting purposes. The adhesive utilized in this example .s a nanira. 
adhesive, preferably a starch-based resins. Specifically, a com siarch-water resm v«s 
utilized in the present exanriple. 

The com residue material was prepared from a five foot com stalk segment, 
wherein the stalk was reduced to particles approximately 1 inch in length or less. The 
stalk was first chopped in a Hamilton Beach Blender/Model 629. The speed was then 
increased from chop to mix then to liquefy for a total blend time of approximately 5 
minutes. The adhesive was prepared by mixing 1 part com starch with 19 parts water and 
boiled for approximately 5 minutes, or until a glue-type consistency was achieved. 

The mat material was prepared by combining approximately the com residue 
particles vnth approximately 2.3 % by weight of the com starch-water paste and mixed 
until a pliable blend was achieved. The blend was then molded into a bowl or pot shape 
and held at approximately 350 deg. F. for about 25 minutes. After cooling, the pot was 
sturdy and capable of containing a plant and soil. 

This invention has been described herein in considerable detail in order to comply 
with the Patent Statutes and to provide those skilled in the art wiUi the information 
needed to apply the novel principles and to construct and use such specialized 
components as are required. However, while particular embodiments of the present 
invention have been described herein in detail, it is to be understood tiiat various 
altemations, modifications and substitutions can be made therein witiiout deparUng from 
tiie spirit and scope of the present invention, as defined in Uie claims which follow. For 
example one skilled in tiie art will appreciate Oiat the foregoing embodiments are capable 
of being produced from other agriculture residues, such as wheat straw, rye straw, barley 
straw, prairie grasses, alfalfa straw, fiax straw and combinations tiicreof. 
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We claim: 

I A process for producing an absorbent panel material from an agriculture residue 
material and an adhesive comprising the following steps: 

(a) reducing the agriculture residue material to form particles; 

(b) admixing the adhesive material to the particles, wherein the adhesive is 
present in an amount sufficient to form a pliable blend; 

(c) forming mats from the blend; and 

(d) consolidating the mats to form panels, wherein consolidating the mats 
comprises the follovtdng steps: 

(1) applying a predetermined pressure per square inch to the mats; and 

(2) curing the adhesive at a temperature ranging from between about 300 
deg. F. to about 450 deg. F from between about 1 minute to about 30 
minutes. 

2. The process of claim 1 , wherein the agriculture residue material is selected from 
the group consisting of com residue, wheat straw, rye, barley, prairie grasses, alfalfa 
straw, flax straw and combinations thereof. 

3. The process of claim 2 further comprising step (a') classifying the reduced 
agriculture residue particles by passage through a number 2 screen and being retained by 
a number 1 50 screen prior to admixing the adhesive. 

4. The process of claim 3 further comprising step (a") drying the agriculture residue 
particles to a moisture content from between about 1% to about 10% subsequent to 
classifying the particles and prior to admixing the adhesive. 

5. The process of claim 2, wherein step (b) further comprises an adhesive added in 
an amount ranging from between about 2% to about 20 % based on total dry weight, 
wherein the adhesive is selected from the group consisting of synthetic resins and natural 
resins. 
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C^tZ: isocya„..e.b,scd .esins. aeryHos. po.yes«« .nd .poxy re,u». 

7. The proems of cl»m .. «h«em to s«p (dKD *« prcdetermmed pressure is abou. 
500 pounds per square inch. 

The process ofclaim 7. wherein step (d)(2) further comprises: 

8. .he mats at a temperature about 380 deg. F for a predetermtned 

period of time; and • j 

(ii) reducing the pressure to about 100 psi. whereit the predeterm..u:d 
period of time ranges from about 10 minutes to about 20 m.nutes. 

o The process of claim 8. fi^rther comprising step (O applying a textu«d sheet to a 
L surf^e ^Hor to curing the adhesive to form a panel, such that an irregular surface ts 
produced on the panel surface. 

■ 0 A„ absorbent panel comprising about »0% to about 95% agriculwre residue 
larticlent^ n the parUc.es are classiHed by passage «m>ugh a number 2 screen and 
eTjlb:anumher'50screen;a„dabout5%toaho„t20%««J«^^^^^^^ 
absori«nt panel has a density from between about .5 pcf to about 40 pcf. 

, , The absorbei>t panel of claim 9, whereto the agriculture residue material is 
;:iected^r^:g™u;consisungofcomresidues,«heatstraw.rye.barley.pra.^ 

grasses, alfklfa straw and combmations thereof 

,2 An absorbent panel comprising about 80% to about 95% com residue particles 
12. An absoro p ^ ^^^^ ^ „^,„rf by 

Z^Zl^^Z^^" about . 5 pcf to about 40 pcf and produced by the process of 
any one of claims 1 or 9. 
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13. A process for producing an absorbent shaped material from an agriculture residue 
and an adhesive comprising the following steps: 

(a) reducing the agriculture residue material to form particles, wherein particle 
size is less than about 1 inch; 

(b) admixing the adhesive from about 2% to about 10 % by weight with the 
particles to form a pliable blend, wherein the adhesive comprises about 1 to about 
5 parts dry adhesive and water at about 1 5 to about !9 parts relative to the dry 
adhesive; 

(c) forming the pliable blend into a predetermined shape; and 

(d) heating the formed blend at about 350 deg. F. for about 25 minutes. 

1 4. The process of claim 13, wherein the agriculture residue material is selected from 
the group consisting of com residue, wheat straw, rye, barley, prairie grasses, alfalfa 
straw, flax straw and combinations thereof. 

15. An absorbent material comprising about 90% to about 98% com residue particles 
having a size less than about 1 inch; about 2% to about 10% of an adhesive material 
selected from the group consisting of starch-based resins, soybean-based resins, lignin- 
based resins and casein-based resins and produced by the process of claim 13. 



BNSDCX:iD: <WO 9618e7SA1 I > 
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